Introduction
The ewe exhibits marked variation in reproductive activity during the year, with loss of ovarian cyclicity during the summer anoestrus. Even within the breeding season there are variations in ovulation rate (Radford, 1959) , duration of oestrus (McKenzie & Terrill, 1937) and oestrous cycle length (McKenzie & Terrill, 1937) , suggesting that subtle changes in the hypothalamic-pituitaryovarian axis probably occur continuously throughout the year. Although ovulation rates are also related to differences in genotype (Thimonier & Mauléon, 1969) and plane of nutrition (McKenzie & Terrill, 1937) , very little is known about the physiological mechanisms involved. It has been suggested that the higher ovulation rates in certain breeds of sheep, e.g. Finnish Landrace, are associated with a relative insensitivity of the hypothalamic-pituitary system to the negative feedback effects of oestradiol (Land, Wheeler & Carr, 1976) .
The present experiments were designed to investigate the variation in the endocrine changes associated with ovulation at three different times of the year in Finnish Landrace Tasmanian Merino crossbreeds.
Materials and Methods
Four Finnish Landrace Tasmanian Merino ewes (aged about 2\ or 3^years in November 1972) with the left ovary autotransplanted to the neck (Goding, McCracken & Baird, 1967b) (Goding, Harrison, Heap & Linzell, 1967a) , for up to 200 days before regression and ovulation occur spontaneously (Baird, Land, Scaramuzzi & Wheeler, 1976b (Wheeler & Land, 1977 (Collett, Land & Baird, 1973) . Timed samples of ovarian venous blood (25 ml) were collected as previously described (Godinget al, 1967b) . Four control samples were collected at about 15-min intervals before the intra-arterial infusion of PGF-2a, involving the use of a pressure cuff round the carotid, was started at the rate of 40 µg/h for 4 h (Chamley et al, 1972 The samples of blood were centrifuged at 1800 g· at 4°C for 20 min and the plasma aspirated and stored at -20°C until analysis. The secretion rates of oestradiol-17ß and progesterone were calculated from a knowledge of plasma concentrations, haematocrit values and ovarian venous blood flows (Collett et al, 1973) ; the haematocrits were determined at intervals of 9 h and the values for inter¬ mediate blood samples were calculated by interpolation.
Progesterone and oestradiol-17ß concentrations were measured by radioimmunoassays which have been validated for sheep ovarian venous blood (Scaramuzzi, Corker, Young & Baird, 1975) . The progesterone assay had a mean minimum detectable dose of 0-214 ng/ml and a between-assay coefficient of variation of 14-2%. The oestradiol-17ß assay had a mean minimum detectable dose of less than 10 pg/ml and within-and between-assay coefficients of variation of 9-3 and 14-8 % respec¬ tively. LH was measured by a double-antibody radioimmunoassay and expressed in ng NIH-LH-S17/ml (Carr & Land, 1975) .
Differences between times of the year were assessed for statistical significance with Student's t test.
Results
The mean secretion of progesterone in the four control samples collected before infusion was > 0-75 pg/min on each occasion ( fig. 1 ). After the infusion of PGF-2a there was an immediate increase in the concentration of LH from a basal value of 1 -24 + 0-13 to 2· 19 ± 0-29 ng/ml in the samples collected within 1 h of the completion of infusion (P < 0-01). During the next 24 h, before the LH peak, the basal value remained elevated at 39-4 ± 1-91 h(2-10 ± 0-19ng/ml,P < 0001). There were significant differences between occasions in the pattern of oestradiol-17ß secretion and LH concentration which followed luteal regression in November and February.
In November, the decline in progesterone secretion was accompanied by a rise in the secretion of oestradiol which, while variable and erratic, rose from a basal value of 1 -54 ± 0-43 ng/min to reach a maximum value of 10-53 ± 2-19 ng/min. The concentration of LH rose significantly above the baseline at about the time of the maximum oestradiol-17ß secretion rate and reached a peak 6 h later ( In the three ewes studied during anoestrus in June 1973, regression of the corpus luteum occurred as on previous occasions, but none of the ewes subsequently showed oestrus or the endocrine changes suggestive of follicle maturation and ovulation.
Discussion
The changes in the secretion of progesterone and oestradiol and the concentration of LH on the seven occasions when luteal regression was considered to have been followed by ovulation are similar to those described following luteal regression induced in normal animals with PGF-2a (Barrett et al, 1971 ; Chamley et al, 1972) or with a synthetic analogue (Baird & Scaramuzzi, 1976) . In the ewe, progesterone and oestradiol-17ß are derived exclusively from the corpus luteum and Graafian follicle(s) respectively so that their secretion reflects the activity of these ovarian compart¬ ments (Baird & Scaramuzzi, 1976) . During the luteal phase in the ewe follicular development is reflected by the secretion of oestradiol-17ß which fluctuates up to values of about 3 ng/min (Baird et al, 1976a) . The Graafian follicle is extremely sensitive to minor changes in the basal concentration of LH (Baird, Swanston & Scaramuzzi, 1976c) and the observed variation in the secretion of oestradiol-17ß from one collection to the next probably reflects the response to small pulses of LH.
In November, the preovulatory rise of oestradiol-17ß, the onset of oestrus, the LH discharge and the presumed ovulation all occurred more quickly following luteal regression than later in the breeding season. The time taken for these events will presumably depend on the availability of Graafian follicle(s) at a stage of development suitable for preovulatory maturation. The greater the number of developing antral follicles, the greater the chance of one or more being ready to respond immediately to the rise of LH associated with the fall of progesterone. Thus, the advancement of these endocrine events together with the increased ovulation rate (Wheeler & Land, 1977) are indicative of a relatively greater level of folliculogenesis in the middle than at the end of the breeding season.
The mechanisms responsible for this change in follicular activity are probably related to a change in the control of gonadotrophin secretion. In castrated ewes, the interval between injection of oestradiol-17ß benzoate and the beginning of the LH discharge is independent of the time of year (Land et al, 1976) , and the earlier discharge of LH in November may therefore simply be related to the earlier rise in oestrogen secretion. The lack of a preovulatory rise of oestradiol-17ß and LH in June presumably represents a failure of the hypothalamic-pituitary system to respond to withdrawal of luteal progesterone by secretion of FSH and LH in amounts sufficient to support the final matura¬ tion of the Graafian follicle. There may also be quantitative changes in sensitivity of the hypothala¬ mic-pituitary system to both the negative (Legan, Hauger, Foster & Karsch, 1976) and positive (Land et al, 1976) feedback effects of oestrogen.
It is unlikely that the differences in endocrine relationships between times of the year were a result of differences in length of exposure to progesterone because the corpora lutea were probably all of a similar age (90-110 days) . The fact that the secretion of progesterone and oestradiol-17ß during the control periods were similar on each occasion support this view.
The significant rise in the basal concentration of LH following the infusion of PGF-2rx is due to the coincidental fall in the concentration of progesterone (Baird & Scaramuzzi, 1976) . In most species progesterone influences the secretion of LH by enhancing the negative feedback effect of oestrogen (Harris & Naftolin, 1970) , although in the ewe lamb progesterone alone appears to inhibit the secretion of LH . In the adult ewe the concentration of LH declines progressively as the secretion of progesterone increases throughout the luteal phase of the cycle (Land, Pelletier, Thimonier & Mauléon, 1973) . Whether progesterone can inhibit LH in the absence of oestrogen in the adult ewe remains to be determined.
